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(54) Ink-jet print head thermal working condition stabilization method 

(57) An ink jet printhead coniprising a plurality of 
ejection resistors and at least one additional resistor 
(11)p integrated on the same semiconductor substrate; 
the additional resistor is constituted by a material with a 
positive coeffident of variation of resistance with tem- 
perature of between 0.3 and 1.0%^G and is used both 
for heating of the substrate and lor measuring its tern- 
peratureCTg). Various drcuits based on using the addi- 
tional resistor are defined for Implementing a method for 
stat>ilizing temperature of the substrate; also defined 
are a metfxxJ for obtaining a stak>iIization temperature 
tfiat remains constant with variation of the characteris- 
tics of ttie head and a method for setting the energetic 
operating point (E|) of tfie ejection resistors. 
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Description 

TEXT OF THE DESCRIPTION 

Reb of the invention - The invention relates to a 
printhead used in equipment tor forming black and col- 
our images on a print medium, generally though not 
exclusively a sheet of paper, with the thermal ink jet 
t chnology and to a method of operation for stat>{lizing 
its tfiermal working conditions. 

Related Technological Art - Equipment of the type 
described above is known in the art. such as for exam- 
ple printers, photocopiers, facsimile machines, etc.. and 
especially printers used to print documents using print- 
ing means generally consisting of fixed or interchange- 
able printheads. 

Composition and genera! mode of operation of an 
ink jet printer, as also of the associated ink jet printhead, 
are already well known in toda/s art. so tfiat a detailed 
desaiption shall not be provided herein txjt only a more 
comprehensive account of some cfiaracteristics of the 
heads of relevance to the understanding of this inven- 
tion. 

A typical ink jet printer schematically comprises. 

- a system, selectively actuated by a motor, for feed- 
ing the sheet of paper on which the image is to be 
printed in such a way that the feeding occurs in a 
given directbn in discrete steps (line feed), 
a movable carriage, running on ways in a direction 
perpendicular to the sheet feeding direction and 
selectively actuated by a motor so as to perform for- 
ward motion and return motion along the entire 
width of tiie sheet. 

printing means, generally, for example, a printhead 
removably attached to tiie carriage and comprising 
a plurality of ejection resistors, deposited on a sut>- 
strate (usually a silicon wafer) and arranged inside 
cells filled witti InK each one connected to a corre- 
sponding plurality of nozzles tfiroug^ which the 
head Is capable of ejecting droplets of ink contained 
in a reservoir. 

an electronk; controller which, on ttie basis of infor- 
mation received from a "computer" to which it is 
connected and of presettings established by the 
user, selectively commands both the above motors 
and also the printiiead, causing ejection from the 
latter of droplets of ink against the surface of the 
sheet, thereby forming a visible image, by means of 
selective heating of the resistors. 

According to a recent evolution of the known tech- 
nology, in addition to the ejection resistors, the print- 
heads also comprise components for driving of the 
resistors, integrated on the same semiconductor sub- 
strat . Typically these components are integrated MOS 
transistors, i.e. produced by the known semiconductor 
integrated-drcuit technology techniques on the same 



silicon substrate, and selectively supply the energy tor 



heating of the ejection resistors. 

From the electrical viewpoint, these integrated drive 
components, all witti essentially the same geometrical 
and electrical char^erlstics. and the relative ejection 

5 resistors associated witti them, are typically laid out in a 
matrix of rows and columns, according t methods of 
operation known In the art in order to reduce to a mini- 
mum tiie nurTt>er of connections and contacts between 
the printhead and the electronic controller. 

w The energy Is supplied by the MOS transistors to 
the ejection resistas, by permitting ftow through the 
resistors themselves of a current supplied by a power 
supply to which all the ejection resistors are connected. 
Ttiis current is converted into thermal energy by Joule 

IS effect in the ejection resistor, causing the latter to heat 
very rapidly to a tenperature in the region of 300 *C. 

A first portion of this thermal energy is transferred 
to the surrounding ink in contact wrtii tfie resistor, vapor- 
ising it and thus causing the ejection of a drop of deter- 

20 mined volume through the nozzle connected to the cell 
housing the ejection resistor; a second portion of the 
thermal energy is lost by conduction tiirough the com- 
won substrate (the silicon wafer) on which the Section 
resistors are deposited, inaeasing the temperature T^ 

25 of the sut>strate. of the head as a whole and of the ink it 
contains, witti respect to the ambient temperature. 

Incidentally. It must be noted that this rise in tem- 
perature may be confined to the surrounding region of a 
few only of the ejection resistors of the head, due to the 

30 fact tiiat the current printing job may require preferential 
activation of some nozzles only, arxi the diffusion of 
heat by conduction in the si±>5trate Is not suffk;ientiy 
rapid to obtain a uniform distribution of temperature. 
The phenomenon of ejection of an ink droplet may 

35 be better understood when examined wrtii reference to 
the graph in Fig. 1, illustrating the pattern measured 
experimentally and represented by a curve 3 of volume 
VOL of the ink droplet ejected by a nozzle in function of 
the thermal energy E supplied to the ejection resistor 

40 disposed in the cell connected to the nozzle, for a given, 
constant substrate temperature T^. 

As shown by the graph, under a value Eg (threshold 
energy) the cfa'op Is not fomried, since the resistor does 
not reach a temperature high enough to vaporise the 

45 surrounding ink. By Inaeasing the energy E stpplied to 
the resistor from value Eg to value Eg (knee energy), the 
volume VOL of the ejected droplets inaeases in a vray 
sut}stantially proportional to the inaease in energy E 
supplied to the resistor. Conversely, above the Eg value, 

50 the volume VOL remains sut>stantially unchanged for 
increases of the energy E supplied to the resistor. 

This asymptotic characteristic of the pattern of 
droplet volume VOL is exb'emely useful and is taken Into 
consideration when defining the typical working value E| 

55 for the energy E to be supplied to the ejection resistor 
(energetic operating point). In actual fact, having a con- 
stant drop volume mearts that diamet r of the elemen- 
tary dot on the paper will be constant, as too therefore 
wHTdensit y and unifon i u l y of the nmagesrv^ethe^bteck 
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or colour. In other wofds, printing quality will be con- 
stant, a very important feature which is greatly appreci- 
ated by the users of printers. 

Current practices adopt, for example, a compro- 
mise value for E|, which is quit great r than Eg. This 
guarantees that limited fluctuations of the thermal 
energy E supplied to the ejection resistor due to various 
factors, such as drifts induced from production proc- 
esses, or variations of the real operating conditions, do 
not entail significant variations of the volume VOL of 
ejected droplets. This Is because of the fact that the 
energetic operating point of the ejection resistors is in 
any case inside the asymptotic portion of curve 3 and 
thus creation is avoided of the unstable operating condi- 
tions that could arise rf E| were to d^op below Eg and 
droplet volume were to become variable. 

It will therefore be dear that the temperature of a 
printhead is not constant during operation, but rather 
starts to increase when printing starts, at which point it 
is SLiJstantially similar to the ambient temperature. Sub- 
sequently it will fluctuate in function of the modes of 
printing adopted (for example, "draft" or "letter qual'rty" 
modes), of the originals to be printed arxJ of the work 
cyde. 

It will also be dear that the lesser the fraction of 
thermal energy dispersed tiirough the sut}strate. the 
lower said rise in temperature during printing will be. 

As those skilled in the art of this sector know, the 
following problems occur on variation of head tenpera- 
ture: 

volume of the droplets of ink ejected by the nozzles, 
for like values of working energy Ej. increases with 
the rise in temperature and causes, as illustrated 
eariier. a corresponding variation of the diameter of 
the elementary dots printed on the paper and a 
consequent degradation of printing uniformity. This 
phenomenon may be so apparent as to produce 
apprectat)le differences t>etween the optical density 
of the characters printed at the start of a page and 
of those printed at the bottom of the same page, 
due to the increase in head temperature caused by 
printing of the page itself; 

further, if temperature of the head reaches very 
high levels, a phenomenon of deposition of cartx)n 
residues may be instituted on some particular ejec- 
tk>n resistors frequently activated during printing, 
due to decomposition of tfie ink on the resistor. 
Consequentiy. useful printhead life would be 
reduced, possibly even considerably, and failures of 
operation of the printhead would result due to fail- 
ure of the nozzle concerned to eject ink. 

To solve the problem of variation of droplet vdume 
with printhead temperature variation, methods and 
devices have been suggested in the known art with the 
principal aim of stat>ilizing temperature of the si^ 
strate, in other words of having the head work at an 



essentially constant bubbU ale lejnpt^ ature-%- 



For example, systems have been suggested for 
maintaining sut>strate temperature Jq constant by slow- 
ing down the printing speed (and thus redudng the fre- 
quency at which droplets are ejected) when 

5 temp rature Tg tends to exceed a defined limit value in 
order to increase the time availat)le for the head t cool 
naturally and settle at a fower temperature value, or also 
by stopping printing when temperature of the substrate 
exceeds a predetern^ned level. This however Is detri- 

10 mental to the work performance speed (or through- 
put"), a requirement rated ever wore highly by the users 
of ink jet printers. 

Further, systems have been suggested for main- 
taining the substrate temperature Tq constant so tiiat 

15 the head works permanently at a maxinum predeter- 
mined temperature level by using, for example, eitiier 
additional resistors as well as the ejection resistors to 
heat the head as necessary, or the Section resistors 
themselves to heat the head. In the latter case, the ejec- 

20 tion resistors of those nozzles that are not required to 
eject ink drops are still heated, txit with energy pulses of 
a frequency that is too high to produce ejection of a 
droplet However, bath these solutions rec^ire tf>e head 
to t>e fitted with a temperature sensor, for example a 

25 thermistor mounted in contact with the head, making 
construction of the head more complex and increasing 
the assodated costs. 

All the suggested solutions known in the art. as 
seen atxTve. have drawt}acks. so that ttie problem of 

30 simply, effectively and inexpensively stal^ilizing the ther- 
mal working corKlitions of an ink jet printhead has still 
not been resolved satisfactorily. 

Nor do they resolve the prot>lem of cartXKi residue 
deposits on certain ejection resistors as stabilization is 

35 produced at very high temperature values. 

Summary of the invention - It is a principal object of 
the present invention to define an ink jet printhead com- 
prising ejection resistors integrated on a sermx>nductor 
substrate and provided with temperature stabilizing 

40 means, characterized by the fact that said stabilizing 
means indude an additional resistor for heating the siAy- 
strate which simultaneously acts as a substrate temper- 
ature measuring elenrYent 

A further object of this invention Is that of stabilizing 

45 the thermal working conditions of an ink jet printhead 
comprising a semiconductor substrate on which are 
integrated ejection resistors and an additional resistor 
for statMl'izing temperature of tiie sut>strate. character- 
ized by the fact that sakJ additional resistor is also used 

50 as a substrate temperature measuring element 

Another object of this invention is that of defining a 
method for stabilizing the thermal working conditions of 
an ink jet printhead comprising resistors for ejection of 
droplets of ink integrated on a semiconductor sut>strate, 

55 characterized by the fact that substrate temperature can 
be stabilized at different predetermined values. 

A further objed of tNs invention is that of defining a 
method for stabilizing the thermeil working conditions of 

an-ink-iet-ponthead-compcfeing^resistor s for election of 
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droplets of ink integrated on a semioonductor substrate, 
characterized t>y the fact that variation of the sut)strate 
temperature from the statxiizati n value way be con- 
fined to within predetermined values. 

Yet a further object of this invention is that of defin- 
ing a method for stabilizing the thermal working condi- 
tions of an ink jet printhead comprising a semiconductor 
sut>strate on which are integrated ejection resistors and 
an additional resistor for stabilizing temperature of the 
sub^te, characterized by the fact that the temperature 
value at which to stabilize the head is maintained con- 
stant, in spite of variability of the specific characteristics 
of the head used. 

A yet further object of this invention is that of defin- 
ing a method for stabilizing the thermal working condi- 
tions of an ink jet printf>ead compr^ng a semiconductor 
sut>strate on which are integrated ejection resistors and 
an additional resistor for stabilizing temperature of the 
sut>strate. characterized by the fact that the energetic 
operating point of the ejection resistors is made vary in 
function of temperature of the substrate in order to min- 
imize heating of the substrate itsetf. 

Yet a further object of this invention is that of defin- 
ing a method for stabilizing the thermal working condi- 
tions of an Inkjet printfiead comprising a semiconductor 
sut}strate on which are integrated ejection resistors and 
an additional resistor for stabilizing temperature of the 
sut>strate, characterized by the fact that the energetic 
operating point of the ejection resistors is optimized as 
regards the thermal equilit)rium and operating consist- 
ency in function of the specifk; characteristics of the 
head used. 

The above objects are achieved by means of a 
method for statiilizing the thermal working conditions of 
an ink jet printhead and the associated printhead. char- 
acterized according to the main daims. 

These and other objects, characteristics and 
advantages of the invention will become nrx>re apparent 
upon consideration of the fbilcwing description of a pre- 
ferred emfcKxiiment. provkied t>y way of a non-exfraus- 
tive example, in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 - Represents a graph of ttie pattern of drop- 
let volume in function of the energy stp- 
plied to the conresponding ejection 
resistor. 

Rg. 2 - Represents an electric diagram of the 
printhead temperature stabilization drcurt 
according to a first, preferred emtxxiiment 
of the invention. 

Rg. 3a - Represents a graph of the pattern of the 
voltages Vj and in the drcuit of Rg. 1 in 
function of time during a head non-print- 
ing period, for ttie drcuit of Rg. 2. 

Rg. 3b - Represents a graph of the pattern of the 



vonages Vj ana v^in^e xii c ui l uf Rg . 1 i ir 



function of time during a head printing 
period, for the drcuit of Rg. 2. 
Rg. 4 - Represents an electric diagram of th 
printhead temperature stabilization drcuit 
s according to a second embodiment of the 

invention. 

Rg. 5 - Represents a graph of the pattern of the 
voltages Vj and in the drcuit of Rg. 3 in 
function of time during a head non-print- 
10 ing period, for the drcuit of Rg. 4. 

Rg. 6- Represents an electrk; diagram of the 
printhead temperature stabilization drcuit 
according to a third embodiment of the 
invention. 

IS Rg. 7- Represents an electric diagram of the 
printhead temperature stabilization drcuit 
according to a fourth embodiment of the 
invention. 

Rg. 8- Represents an electrk; diagram of the 
20 printhead temperature stabilization drcuit 

according to a fifth embodiment of the 
invention. 

Rg. 9 - Represents a graph of the pattern of the 
time ton in which energy is supplied to the 
25 additional resistor for heating of the sufc>- 

strate in function of the working energy 
supplied to the ejection resistors, for the 
circuit of Rg. 8. 

30 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMEMT 

The ink jet printhead according to the present 
invention possesses, in addition to the ejection resis- 
ts tors, an additional resistor 1 1 (see Rg. 2). produced on 
the same semfoonductor sd>strate t>y means of deposi- 
tion of a film, generally of aluminium (but possitrfy also 
of copper or of a copper/aluminum alloy), using for this 
purpose one of the steps of the normal printhead con- 
40 struction process. In the known art the ejection resistor 
connecting conductors are generally produced from alu- 
minium, copper or an aluminiunVcopper alloy, whereas 
the ejection resistors themselves are usually produced 
from tantalum/aluminium or from hafnium bor\6e. 
45 The additional resistor 1 1 may be provkJed as a rib- 
bon, of predetermined constant thickness and wkfth, 
arranged along the perimeter of the sut>strate and pos- 
sibly provkJed with serpentine areas in ways well known 
in the art in order to increase its overall length so as to 
50 present, at its ends connected to two electrodes, a 
resistance value which, when appropriately supplied, is 
capable of dissipating an electrk; power of between, for 
exanple. 1 and 10 Watts, preferat»ly of about 5 Watts. 
As is known, tiie coeff ident of variation of the resist- 
55 ance of aluminium, copper or copper/aluminium alloys 
with temperature is positive and comparatively high. i.e. 
between 0.3 and 1.0%/**C; on the other hand, tanta- 
lunValuminium has a coeffk;ient of variation of resist- 
ance — with — ^temperature — ttiat — is_negatiYe_a[Kl 
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comparatively low, i.e. of about 0.01 7%AC, whereas th 
coefficient of hafnium tx>ride is sut>stantially null. 

Selection of aluminium, copper or copper/alumin- 
ium alloys as the material for the additional resistor 1 1 is 
explained by the fact that it can be used as ft is both for 
heating of the sut)strate, through Joule effect on a cur- 
rent caused to flow through the resistor itseH; and also 
as a means of detecting the substrate temperature 
using the variations in its resistance on variation of tem- 
perature to do so. It is arrar)ged in such a way geomet- 
rically that enables it to measure average temperature 
for the whole sut)5trate with a good degree of accuracy. 

Fig. 2 represents the electrical circuit used, accord- 
ing to a first embodiment of the present invention, to sta- 
bilize sut>strate temperature T^; rxstice tfiat. while the 
additional resistor 1 1 necessarily forms part of the head 
(or better, of the circuit integrated on the substrate), all 
other devices or eiectronic components shown in ng. 2 
nr^y either form part of the same head, or form part of 
the printer's electronic controller, without in any way 
affecting operation of the circuit but sinply representing 
the most convenient option as based on technological 
and economic cor^derations. 

Indicated 10 in the drcuit of Rg. 2 is a constant cur- 
rent I generator of value Ic: in the same figure. indi- 
cates the resistance value of additional resistor 11, S 
indicates a switch 12 (electronic, electromecf^nical or 
mechanical), 13 a differential amplifier and 14 a monos- 
table univibrator. All these electronic components and 
devices are well known in the art and a detailed descrip- 
tion will not be provided herein. 

The method of operation of the circiit represented 
in Rg. 2, in the corxiition in which the printhead is in 
service but is not printing, is illustrated in the following 
with reference to Rg. 3a. Initially the voltage (repre- 
sented by curve 23) on one output 17 of univibrator 14 
is liigh". thus keeping switch 12 ck>sed (the terms 
"high" and "tew" are used herein in their recognized 
logic circuit description meanings) arxi allowing the con- 
stant current ic to flow through additional resistor 11. 
Current ic flowing in additional resistor 1 1 generates a 
voltage drop Vj (represented by cun^e 22) across its ter- 
minals and also heats the sut)strate, through Joiie 
effect, causing temperature Tg to rise. 

The differential amplifier 13 compares the value Vj 
of tiie voltage drop on the terminals of the resistor 1 1 , 
brought to one of its negative inputs 1 5, with a reference 
voltage Vf^f (represented by the dashed fine 1), selected 
in function of the head statnlization tenperature 
desired, present on one of its positive inputs 16. Initially 
Vj is k>wer than V^^f, and differential amplifier 13 keeps 
univibrator 14 blocked so that its output 17 remains 
"high"; but as substrate temperature T^ increases due to 
the heat induced from additional resistor 11, resistance 
value Ra of resistor 11 increases and accordingly Vj 
also inaeases until when VisV^^f and differential ampli- 
fi r 13 triggers univftxator 14. 

In this way, th output of univbrator 14 goes "low", 
-thier^-<;0mnF»nding-switGb-42^-open-fofi-a-deler^ 



mined time toff 28, which is characteristic of univibrator 
14, and interrupting the flow of current ic through the 
additional resistor 1 1 and the resulting sutistrate heat- 
ing effect. 

5 At the erxj of time t^ff 28, as value Vj of the voltage 
drop across the terminals of resistor 11 has in the 
meantime again become lower than V^^f, the reference 
voltage value, due to natural cooling of the substrate 
and of the ^itional resistor 1 1 with the resultant drop 

10 in resistance value Ra, differential arrplifier 13 again 
stops univibrator 14, so that switch 12 closes again and 
a new substrate heating cycle starts for a time ton 29. 
Represented in Rg. 3a are waveforms 22 and 23 of volt- 
ages Vj and Vu respectively in function of time, which 

IS illustrate the repeated sequence of opening and ck>sing 
cycles of switch S, by means of which temperature T^ of 
the substrate, and therefore tfiat of the printhead. is 
rnainiained si&sstantialiy constant urider steady operat- 
ing conditions and which have substantially constant 

20 corresponding times, ton 29 and toff 28. 

The stabilization value of sutxstrate temperature Tg 
is determined from the reference voltage V^^ value, this 
value being defined at a level capat)le of ensuring 
proper printhead operation, botti in terms of printing 

25 quality and of reliability. 

Let us examine the situation in which, having 
reached the steady temperature conditions when not 
printing according to the method of operation descrit>ed 
earlier, printing is effected by making the printhead 

30 work, that is to say t>y ejecting drops of ink from the noz- 
zles following selective heating of the ejection resistor; 
under these conditions, the metiiod of operation of the 
drcuit represented in Rg. 2 is described below, with ref- 
erence also to Rg. 3b. 

35 The energy supplied to the resistors, in excess of 
the amount needed io form and eject a drop, in turn 
results in heating of \he sut>strate which is summed with 
the heating caused by the additional resistor 11. This 
duly shortens time ton 29 during whk;h current ic flows 

40 through resistor 11, but does not alter toff 28 which is 
determined solely from the characteristics of univibrator 
14 and is selected in function of the maximum permitted 
variation (krxwn as "ripple") for the steady condition 
sut>strate tenperature value T^. taking into considera- 

45 tion the printhead's thermal time constant. The maxi- 
mum permitted variation for temperature T^ under 
steady conditions may be contained to within suff icientiy 
low values as to be considered of negligible effect on 
overall thermal t^efvaviour of the printhead. For example. 

50 the drcuit of Rg. 2 may be suitably sized as to give max- 
imum variations of temperature T^ of approximately 1 

In other words, during printing the additional resis- 
tor 1 1 supplies the substrate the annount of heat needed 

55 to reach the steady condition temperature, in addition to 
the anxxjnt supplied to the ejection resistors. Repre- 
sented in Rg 3b ar the waveforms 24 and 25 of volt- 
ages Vj and Vu respectively in function of tim while 

printina_is_taking_Diace^illustratina th e repeated 
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sequence Cff opening and closing cycles f switch 12, 
which pernirt substrate temperature Tg to be maintained 
sut>stantially constant under steady conditions during 
printing work. 

Fig. 4 represerrts the electric circuit used, according 
to a second embodment of the present invention, to 
stabilize sut)Strate terrperature T^; the numbering 
scheme used is the same as that of Rg. 2 for like 
devices. Voltage Vj on positive input 16 of differential 
arrplifier 13 is obtained from a supply voltage V through 
a voltage divider formed by additional resistor 1 1 and a 
second resistor 19, connected to ground through a tran- 
sistor 18, of the MOS type for example, driven by volt- 
age Vu on the output 17 of univibrator 14. Transistor 18 
has the same function as switch 12 in Fig. 2, permitting 
current to flow in additional resistor 1 1 only when volt- 
age Vu on output 17 of univibrator 14 is "high". 

Tne second resistor 13, of a resistance R, is com- 
prised of a resistor deposited on the sut>strate, inde- 
pendently from the ejection resistor, but of the same 
corrposition as the latter, that is they are produced by 
the deposition of a film of aluminium/tantalum or of haf- 
nium boride. Accordingly it possesses considerable sta- 
t>ility in relation to terrperature fluctuations. When 
transistor 18 conducts, second resistor 19 also contrib- 
utes to heating of the substrate, thereby increasing the 
system's speed of response and decreasing stabiliza- 
tion time of temperature Tg. 

Method of operation of the circuit of Fig. 4 is sub- 
stantially similar to that described in the foregoing for 
the drcuit of Fig. 2: for the sake of brevity, however, a 
detailed described will be only provided for the case in 
which printing is not taking place, with reference to Rg. 
5, characterised in that the waveforms of voltages Vj 
and Vy are represented respectively by curves 26 and 
27. 

Initially when transistor 18 conducts, the additional 
resistor 1 1 , having a resistance RA, has a current flow- 
ing through it of 

i=V/(RA+R) (1) 

(leaving aside the conduction channel resistance of 
transistor 18), and the value of voltage Vj at input 16 of 
differential amplifier 13 is given by 

Vi = VR/(RA+R): (2) 

when transistor 18 is not corxJucting, V; substantially 
coincides with V 

As temperature Ts of the substrate rises, by effect 
of the heating caused by the current i through Ixrth 
resistor 11 and resistor 19. resistance Ra of the addi- 
tional resistor 1 1 increases and. as a result voftage Vj 
decreases. 

When value of voltage Vj reaches a point where it is 
equal to the reference voltage (represented by 
dashed line 2) at input 15 of the differential amplifier 13. 
.differentiai.airpIifiaLl3Jaggers_univibrator_J4;^ 



way, output 17 of univtorator 14 becomes "tow", thereby 
commanding transistor 18 to stop conducting for a pre- 
determined time toff 28, which is characteristic of the 
univibrator, and intemipting the flow of current i through 

5 additional resistor 11 and second resistor 19 and th 
resulting sut>strate heating effect. 

At the end of time toff 28, as the value of voltage Vj 
has again beconr^ greater tfian the V^f reference voft- 
age value, due to natural cooling of the sut)Strate and of 

10 resistors 1 1 and 1 9 with the resultant decrease in resist- 
ance Ra of resistor 1 1 , the differential anplifier 13 again 
stops univit)rator 14. allowing transistor 18 to conduct 
and a new substrate heating cyde to start for a time ton 
29. Represented in Rg. 4 are the waveforn^ 26 and 27 

15 of voltages Vj and V^ respectively in function of time, 
illustrating the repeated sequence of these transistor 18 
corxJuction and intenruption cycles, by means of which 
temperature of the substrate, and therefore that of 
the printhead, is maintained sut)s1antially constant 

20 under steady conditions of operation and for which the 
corresponding times, ton ^ ^ W 28, are substantially 
constant. 

Rg. 6 represents the electric circuit used, according 
to a tiiird embodiment of the present invention, to stabi- 

25 lize substrate temperature T^; it differs from ttie one 
illustrated atx>ve in that the reference voltage V^^f at 
input 15 of differential anrplifier 13 is not constant, but 
rather is determined t>y a microprocessor 20, preferably 
external to the printhead and forming part of the 

30 printer's electronic control! er. 

This third embodiment is may be used to meet the 
requirement of defining different printhead working tem- 
peratures, dictated by particular printhead working con- 
ditions, for exarrple: changes in droplet ejection 

35 frequency and therefore of printing speed, or changes in 
the printing density of the elementary dots witii the 
resultant need to change droplet volume and hence 
diameter off the elementary dot Operation of tiie circuit 
of Rg. 6 is fully similar to that already descn'bed for the 

40 circuit of Rg. 4 and does not therefore require a dedi- 
cated illustration. 

Rg. 7 represents the electric circuit used, according 
to a fourth embodiment of the present invention, to sta- 
bilize sut>strate temperature it differs from those 

45 illustrated in the foregoing in ttiat the functions per- 
formed by differential anrplifier 13 and by univibrator 14 
are here all perfonned by microprocessor 20, using its 
own internal fur>ctiona!ities according to nriethods kr>own 
in the art General method of operation of the circuit of 

50 Rg. 7 is unchanged, with regard to that already 
descn'bed for the circuit of Rg. 4. and therefore a spe- 
cif c account will not be given herein. 

To return now to the circuit of Rg. 4 (txrt similar con- 
siderations are also applicat)le to tiie other circuits of 

55 Rg. 6 and 7 already described], a particular aspect of 
resistors 11 and 19 must t>e enrphasized: their resist- 
ance values Ra and R are the result of a series of fac- 
tors linked to the materials used and tiie production 

prQC^_emDloved_to_construct tiiem. as a result of 
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which possibly even non-negligible variations of said 
resistance values Ra and R may arise in industrial prac- 
tice, due to the nianufacturing tolerances and the mate- 
rials used. 

The spread of resistance values R^ and R in differ- s 
ent printheads, in functi n of the equation (2) seen 
above, for like &ut>strate temperature conditions, results 
in a different value of Vj when transistor 18 conducts. 
This difference in values of voltage Vi would result in 
stabilization of 5ut>strate temperature Tg at values pos- 
sWy even consideratrfy different from head to head. 
Selection of the heads produced might then become a 
necessity, with rejection of one part of them and creat- 
ing problems of costs arxi production capacity. 

This selection may be avoided starting from the 
consideration that, if the reference voltage V^f is 
adapted head by head to the actual specific value of 
resistance Ra and R, then it is possible to compensate 
automatically for dispersion in the range of Vj values 
and thus obtain a substantially uniform stabilization 
value for temperature Tg on any head, regardless of the 
range of resistance values Ra and R. The circuits of f^g. 
6 and 7 are surtatrie, with a minor variation, for achieving 
a method that permits this adaptation. 

Adaptation of the V^f value to the specific charac- 
teristics of the printhead fitted in the printer may be 
obtained from a fifth emtx)diment of tf>e present inven- 
tion as represented by the circuit of Rg. 8, in which 
microprocessor 20 also controls a value of output 9 
of differential amplifier 13. This circuit makes it possible 
to use microprocessor 20 to automatically perform, 
head by head, setting of the referer>ce voltage value V^^f 
in function of the actual values of Ra and R, where the 
flow of operations is as follows: 

when the printer is switched on or when the head 
fitted in the printer is changed, microprocessor 20 
sets a value V^^fo for the reference voltage that is 
higher than the maximum value tfiat voltage Vj can 
reach when transistor 18 conducts, but whk:h is 
bwer than V; the Vj maximum value is determined 
from the printhead*s maximum permitted operating 
temperature and from the widest range of manufac- 
turing tolerances for resistance values Ra and R, 
and of the voltage V supplying the resistive divkler 
comprised of resistors 1 1 and 19. Under these con- 
ditions (namely with a voltage Vj on positive input 
16 of differential amplifier 13 still lower than the 
Vfefo voltage on negative input 15 when univbrator 
14 is stopped and transistor 18 is conducting), the 
circuit of Rg. 8 is unstat»le and univibrator 14 gen- 
erates a sequence of pulses of duration toff, without 
interruption but with a period time of ton/min that 
con^esponds to tiie time required to propagate the 
electric signal through the chain formed by differen- 
tial amplifier 13, univibrator 14, and transistor 18; 
- sutjsequentiy the reference voltage Vr^f is gradually 
decreased until a value V^^f^ is reached at whk;h 
time ton to ''■SG ^ respect lu Uie iiiiniiikuitr 



value tonkin described eariier. and tiiis precisely at 
the point when the specific Vj value for that head is 
greater than Vr^fj . when transistor 1 8 conducts. 

The valu Vref 1 is assumed by the mk^roprocessor 

as th reference voltage setting for tfiat particular 
head; if ttie printer is adcfitionally provkied with an ambi- 
ent temperature measuring means 21, the Vf^it setting 
value may be set in relation with the ambient tempera- 
ture, so that mk;roprocessor 20. wrtii a sinple internal 
procedure readily definable by those skilled in the sec- 
tor art is capable of cakxilating the specific setting 
value Vrefi to be adopted for each printhead, regardless 
of the ambient temperatura 

Practk;al applk:ations indk:ate taking the Wj^f^ 
value, or preferably a value slightly kiwer tiian this but 
still determined by microprocessor 20, for use as the 
actual value tor V^ef so that tiie system is compeiieu to 
stabilize at tiie desired temperature value. 

The circuit illustrated in Rg. 8 is also suitable, again 
by expfofting the processing capability of mk^oproces- 
sor 20, for provkiing a further positive effect capat)le of 
solving the already mentioned problem of supplying the 
ejection resistors the minimum energy needed for eject- 
ing stat)le volume droplets. 

In other words, tfie drcuit of Rg. 8 may be used to 
d^ine a metfKxi of kJentifying a suffidentiy approxi- 
mated value for knee energy Eg (Rg. 1) characteristic of 
any printhead. and therefore of determining a value for 
energy E| (energetic operating point) g'eater than Eg by 
an amount whk;h, on the one hand, is suffk^ient to 
ensure tfiat not too much energy is supplied to the ejec- 
tion resistors, so as not to contribute excessively to 
heating of tiie sut>strate and tiius be obliged to stabilize 
head temperature at too high a value, with the risk of 
irrpairing durability of the ejection resistors. On the 
other hand, this anrxxjnt also eliminates the risk of hav- 
ing to work in the area of the curve 3 of Rg. 1 character- 
ised in that the volume of the drops ejected varies with 
the energy and droplet ejection itself may become ran- 
dom. 

This positive effect is otitained from the following 
method of operation applied to the circuit of Rg. 8 and 
illustrated witii reference to curve 4 illustrated in Rg. 9, 
representing approximately and in graphic form the pat- 
tem of the conduction time ton of transistor 18 when 
plotted against the energy E supplied to the ejection 
resistors: 

once thermal stabilization of the head fias t>een 
obtained when not printing, printing is simulated by 
supplying all the ejection resistors an energy E 
greatly in excess of Eg (Rg. 1): this may be done, 
for example. t>y altering tiie time during which volt- 
age is applied to their terminals through tfie driving 
transistors. As a result of the considerable quantity 
of heat created for the substrate by the ejection 
resistors, time ton during which transistor 18 con- 
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assumed as the reference value to^r (point 30 of 
Fig. 9): 

- the amount of energy E supplied to the ejection 
resistors Is then reduced gradually, for exanple by 
acting on the driving transistors to reduce th time 
for which voltage Is applied to said resistors: the 
temperature stabilization circuit responds to the 
reduced amount of heat created for the substrate by 
the ejection resistors by gradually increasing tran- 
sistor 18 conduction time ton ^ reference 

value tonn 

as the amount of energy E supplied to the ejection 
resistors continues to be reduced, a point is 
reached at which said energy is lower tfwi the knee 
energy Eg (Fig. 1); under these conditions, on 
entering the unstat)le droplet ejection operating 
area, the rediced volume of drools ejected and 
random nature of the ejection causes a fresh rise in 
the amount of heat created for the substrate by the 
ejection resistors, due to the inaease in that portion 
of energy supplied to the ejection resistors which 
does not produce droplet ejection, but instead 
increases temperature of the substrate. Accord- 
ingly conduction time ton of transistor 18 stops 
increasing and starts to decrease, as a lesser con- 
trflxjtion is required of the circuit of Fig. 8 for main- 
taining head temperature at a constant value. This 
inversion in variation of time ton g<ves a maximum 
value tong. represented by point 31 of curve 4. 

The value of working energy supplied to the ejec- 
tion resistors corresponding to value tong of the time for 
which voltage is applied, through the action of the driv- 
ing transistors, to the terminals of the ejection resistors, 
in turn corresponding to this maximum point 31. sub- 
stantially represents value of knee energy Eg. Once the 
Eg value has been identified for a given head and a 
given ambient temperature, the microprocessor 20 of 
the circuit in Rg. 8 Is capat}le of setting (through internal 
procedures readily definat^le t>y those skilled in the sec- 
tor art) the optimum value E| and a V^f value suitat^e for 
stabilizirtg temperature of the head at the minimum 
acceptable level. 

The optimum value of E| may be greater tfian Eg by 
a given amount equivalent to a predetermined percent- 
age of Eg Itself, for example an amount of t>etween 2 
and 50% of the value identified for Eg, and preferably 

5% of Eg. 

Naturally the process described in the foregoing for 
identifying the Eg value (and resultant determination of 
the optimum value for E{i may be effected each time the 
printhead is replaced, or even each time that the printer 
in which the head is fitted Is switched on, or at any other 
time at which microprocessor 20 is programmed to 
effect it 

Those skilled in the art of this sector may easily 
identify variants or changes to th ink jet printhead and 
method of operation described dbo ve, witfx)ut exiting 
from the scope of this invention. " 



For example, a printhead with a drff rent scale of 
component integation may be used, one for exampi 
comprising not only the MOS drive transistors, but also 
fogic type circuits (shift registers, decoders, etc.). 

5 Furthermore, th printtiead may l>e of the remova- 
ble type, fitted on a carriage that runs across the entir 
width of tfie sheet of paper that is being printed on, or of 
the fixed type capable of ejecting droplets of ink along 
the entire widtti of the sheet (line head). 

10 ft Is also possible, for exarrple, to use printheads for 
black and for colour printing, in whk:h the ink reservoirs, 
instead of being integrated in the head (the type of print- 
head known as "monoblocl, removable arxi 
replaceable so that once they are errpty, only the reser- 

15 voir and not the entire printhead need t>e replaced 
frefillable'' heads). 

In short, while adhering to the principle of this 
invention, details of the design and the forms of embod- 
iment described and illustrated in the foregoing may be 

20 amply nKXfrfied, without exiting from the scope of the 
invention. 

Claims 

25 1 . An ink jet printhead comprising at least one ejection 
resistor irrtegrated on a semiconductor substrate for 
ejecting droplets of ink, said substrate having a 
tenperature (Tq), characterised in that said print- 
head further comprises at least one second resistor 

30 (11) having a detern^'ned resistance value (Ra) 
integrated on said substrate for heating said sub- 
strate and for measuring said tenperature (Tg) of 
said sut>strate. 

35 2. An Inkjet printhead according to daimi, character- 
ised in that said at least one second resistor (1 1 ) is 
constituted by a material having a positive coeffi- 
cient of variation of resistance witii terrperature 
witti a value l)etween 0.3 and 1 .0%/°C. 

40 

3. An ink jet printhead according to claim 1 , character- 
ised in \haX said at least one secorxi resistor (1 1) is 
constituted by a material selected in a group con- 
sisting of copper, aluminium, and aluminium/copper 

45 alloys. 

4. An ink jet printhead according to daim 1 , character- 
ised in that said at least one second resistor (11) 
heats said sut>strate by dissipating an electrical 

50 power of between 1 and 10 Watt. 

5. A metfKXl for stat>ilizing the thermal working condi- 
tions of an ink jet printhead at a defined tempera- 
ture value (Tg), comprising the steps of: 



55 

• having a printhead according to any one of hte 
previous daims, 

having first energy sipplylng means (18) selec- 
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said at least one second resistor (11) of said 
printhead, 

- selectively commanding said first energy sup- 
plying means according to a sequence of 
cycles comprising a first step of supplying said s 
energy for a first Urme (29) of variable duration, 
followed by a second step of not si^iplyirig said 
energy for a second time (28) of constant, 
determined duration. 

10 

6. A method according to claim 5, chiaracterised in 
that said first energy supplying means comprise at 
least one MOS transistor (18) integrated on said 
semiconductor substrate. 

15 

7. A method according to daim 5. further comprising 
the step of having an electronic device including a 
differential amplifier (13) circudt and a monostable 
univbrator drcurt (14), characterised in that said 
differential amplifier has a first input (15) connected 20 
to a reference voltage (V^^f) of determined value of 
between a minimum voltage and a maxinrujm volt- 
age, and a second input (16) connected to a sec- 
ond voltage (Vj) of variable value, said variable 
value being inversely proportional to said resist- 25 
ance value (R^) of said at least one second resistor 
(11). 

8. A method according to claim 7, characterised in 
that said determined value of said reference voltage 30 
(Vref) is defined by a setting process on the basis of 

at least one chiaracteristic of said printhead. 

9. A method according to daim 8. characterised in 
that said at least one characteristic comprises said 35 
resistarx^e value (R/J of said at least one second 
resistor(11). 

10. A method according to daim 8, characterised in 
that said setting process corrprises the steps of: 40 

bringing said value of said reference voltage 
(VreO to said maximum voltage, so that said 
first time (29) of variattle duration is sut>stan- 
tialiy null, 4S 
gradually reducing said value of said reference 
voltage with respect to said maximum voltage 
to a first voltage value, at which said first time of 
variable duration (29) is no longer sut>stantially 
null, 50 
• assuming said first voltage value as said deter- 
mined value of said reference voltage. 

11 . A method according to daim 10, further comprising 
the steps of: 55 

measuring an ambient temperature value, 

- conrelating said first voltage value of said refer- 
ence vohage (Vref) with said ambient lei i ipeia- -^ — 
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ture value for defining said determined value of 
said reference voltage. 

12. A method for stabilizing the thermal working corxli- 
tions of an ink jet printhead according to any one of 
the dainrts from 5 to 11, charaderized by further 
conrprising the step of automatic setting of the 
energetk: operating point (E{) of said at least one 
ejection resistor. 

13. A method according to daim 12, characterised in 
tf^t said s^'ng step comprises the steps of: 

having secorxj energy supplying means for 
selectively supplying to said at least one ejec- 
tfon resistor a working energy (E) variable 
between a maxinuim energy value and zero, 

- supplying to said at least one ejection resistor 
said working energy of a value equivalent to 
said maximum energy value, so that said value 
of said first time (29) of variable duration 
decreases to a minimum tvne value (30), 
gradually decreasing said working energy (E) 
supplied to said at least one ejection resistor 
with respect to said maximum energy value, so 
that said value of said first tme (29) of variable 
duration increases vnth respect to said mini- 
mum time value(30). 

gradually further decreasing said working 
energy supplied to said at least one ejection 
resistor until a first energy value (Eg) is 
reached, such that said value of said first time 
(29) of variable duration stops increasing and 
instead starts to decrease, 

- assuming as the value for said working energy 
to be supplied to saki at least one ejection 
resistor said first energy value (Eg) incre- 
mented by a defined anrxxjnt 

14. A method according to daim 13, characterised in 
tfiat said defined arrxxint is between 2% and 50% 
of said first energy value (Eg). 

15. A method tor autonnatically setting the energetic 
operating point of ejection resistors of an ink jet 
printhead, said printhead including: 

a semicorxiuctor substrate on whk;h sakf ejec- 
tfon resistors are integrated; 

- at least one additional resistor (11) having a 
determined resistance value (Ra) integrated on 
said substrate for heating of sakJ sut>strate; 

- first energy supplying means (18) for selec- 
tively supplying energy (E) to said additional 
resistor, 

characterised in that it conrprises the following 
steps: 
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- having command means (20) for commanding 
said first energy supplying means (18) accord- 
ing to a sequence of cycles comprising a first 
step of supplying said energy for a first time 
(29) of variable duration, followed t>y a second 5 
step of not sif)plying said energy having a sec- 
ond time (28) of constant, determined duration, 
having second energy supplying means for 
selectively supplying to said ejection resistors a 
working energy (E) vanat)le between a maxi- 10 
mum energy value and zero, 
stabilizing the temperature (Tg) of said print- 
head by way of said command means, 
supplying to said ejection resistors said work- 
ing energy of a value equivalent to said maxi- is 
mum energy value, so that said value of said 
first time (29) of variable duration decreases to 
a minimum time value (30), 
gradually decreasing said wortdng energy (E) 
supplied to said ejection resistors with respect 20 
to said maximum energy value, so that said first 
time (29) of variable duration increases with 
respect to said minimum tirrie value (30), 
gradually further decreasing said working 
energy supplied to said ejection resistors until a 25 
first energy value (Eg) Is reached, such that 
said first time of variat)le ckiration stops 
increasing and instead starts to deaease, 
assuming as the value for said working energy 
(E) to be supplied to said ejection resistors said 30 
first energy value (Eg) incremented l>y a 
defined anrx>unt. 

16. A method according to claim 15, cfiaracterised in 
that said defined amount is between 2% and 50% 35 
of said first energy value. 
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